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1L ABSTRACT (Maxumurmn 200 words)

The gate-all-around device is an SOI MOS field-effect transistor.

The gate electrode and the thin gate oxide are wrapped around the active

~hannel region. No other insulator (field oxide or buried oxide) is in

contact with the active region of the device. The gate-all-around device

exhibits a high transconductance (up to 4 times that of a normal SOI transistor),

an ideally sharp subthreshold slope, and demonstrates the concept of volume inversion
(n thy SO films. Both n-channel and p-channel devices have been fabricated.
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L. Descripti ol bl

SOI MOSFETs are known for their potential for application in circuits operating in
harsh environments and have been shown to exhibit superior performances in high-
remperature and ionizing environments. The resistance of SOI devices to alpha particle and
heavy ion impact (SEU) is inversely proportional to the volume of silicon in which the
device is made, i.e. inversely proportional to the thickness of the SOI layer. The same
dependence on film thickness is expected for gamma-dot phenomena, for the same

reasonsl.

The problem preventing one from utilizing thin-film, fully depleted devices for rad-
hard applications is the poor total dose immunity of thin-film devices.2 Indeed, as charges
accumulate in the buried oxide layer upon irradiation, several problems do arise: at first,
front threshold voltage shifts appear, due to the coupling between front and back gate
depletion zones, and secondly, back-channel leakage appears as the back oxide charge
density becomes too high.

The effect of total dose on the device properties depends on the thickness of the
oxide in contact with the silicon. A much larger amount of oxide charges are generated in a

SIMOX buried oxide, for instance, than in the gate oxide. The charge generated, AQqx, is
roughly proportional to the oxide thickness. In addition, the threshold shift generated by

oxide charges, AV, is also proportional to the oxide thickness. In consequence, back
threshold voltage shift is roughly proportional to the square of the oxide thickness
A t . . . . .
L,\\'mz&}—ﬁ'—‘ , with AQgx = tox). The accumulation of charges in the buried oxide
OX

induces a shift of the front-side threshold voltage as well because of the electrical coupling
present between the front and the back gate in thin-film fully depleted devices. An obvious
way of minimizing the effects of total-dose exposure is to reduce the thickness of the oxide
layers surrounding the active silicon. Unfortunately, no practical means have been found as
vet to produce thin, gate-quality buried oxides. Buried oxides have typical thicknesses of
400 nmor 1 pm, when produced by the SIMOX or ZMR techniques, respectively.

2, Th -All- vi

The solution proposed by the gate-all-around device consists in surrounding the
whole active area of the transistor with thin, gate-quality oxide. This gate oxide is itself
surrounded by the polysilicon gate electrode, which provides ground potential when the
device is turned OFF.

The work performed iast year (see the first annual technical report (RHD-02)) has
resulted in the publication of several scientific articles, one of which in association with the
NRL, Washington D.C., and DNA, Alexandria, VA. These publications are:

I.P. Colinge, Silicon-On-Insulator Technology: Materials to VLSI, Kluwer Academic
Publishers, p. 178, 1991

D.C. Mayer, "Modes of operation and radiation sensitivity of ultrathin SOI transistors”,
Proceedings of the IEEE SOS/SOI Technology Conference, pp. 52-53, 1989

ro




"Silicon-on-insulator gate-all-around device”, J.P. Colinge, M.H. Gao, A.
Romano, H. Maes, and C. Claeys, Proc. IEEE SOS/SOI Technology
Conf., p. 137, Oct. 1990

"Silicon-on-insulator gate-all-around device”, J.P. Colinge, M.H. Gao, A.
Romano, H. Maes, and C. Claeys. IEDM, P. 595, 1990

"Radiation effects in gate-all-around structures”, R.K. Lawrence, J.P.
Colinge, H.L. Hughes, and G.E. Davis, Proceedings IEEE
International SOI Conference, 1991, p. 80

"An analytical model for GAA transistors”, A. Terao and F. Van de Wiele,
Microelectronic Engineering 15, (1991), pp. 233-236

"Characteristics of nMOS/GAA transistors near threshold”, P. Francis, A.
Terao, D. Flandre and F. Van de Wiele, paper accepted for
ESSDERC (European Solid-State Research Conference), 1992

"High temperature characteristics of GAA/SOI transistors and circuits”, P.
Francis, A. Terao and D. Flandre, submitted to the IEEE International
SOI Conference, 1992

"Low-frequency behaviour of GAA SOI transistors”, E. Simoen, U.
Magnusson, C. Claeys, and J.P. Colinge, submitted to the IEEE
International SOI Conference, 1992

3, Process Description

3. 1. N-channel devices

The process starts with standard SIMOX wafers. The thickness of the starting
silicon film is 180 nm . A 60 nm-thick pad oxide is grown, and a 200 nm-thick film of
silicon nitride is deposited. A mask step is used to pattern the nitride as well as the silicon
film in a dry etch reactor. Using the nitride as a mask, 600 nm of oxide are grown on the
edge of the silicon island. Such an oxidation as for consequence to smooth the edges of the
silicon island and has been reported to be useful to improve gate oxide breakdown
properties.® The nitride and the pad oxide are then wet etched, and a second masking step
1s used to define areas where the underlying oxide (as well as the edge oxide) will be
etched. Etching of the buried silicon leaves a beam (bridge) of silicon free-standing over a
cavity (Figure below) The silicon bridge is supported at both ends by the original buried
oxide. The free-standing part of the silicon island will later on become the active part of the
device (the channel region), while those parts still supported by the underlying oxide will
become the source and the drain.

3 M. Haond et al, "Gate oxide breakdown behaviour in a mesa SOl CMOS process”, Proceedings
of the IEEE SOS/SOI Technology Conference, pp. 68-69, 1989
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Gate-All-Around device after etching of a cavity undemneath the silicon island

A thick thermal gate oxide is then grown at 850°C in dry oxygen. Its thickness is either 50
nm (in one split) or 30 nm (in another split). Boron is there implanted to adjust threshold
voltage. A 450 nm-thick polysilicon film is the deposited in a LPCVD furnace at a
temperature of 620°C. Because of the excellent conformal deposition of LPCVD
polysilicon, gate material is deposited not only at the top of the device, but also in the
cavity below the silicon bridge. Polysilicon is, hence, deposited all around the gate oxide
which itself is grown all around the channel region of the silicon island (hence the name:
Gate-All-Around Device.) The polysilicon film is then implanted with phosphorous ions,
and a long (4 hours) annealing step is used to diffuse the phosphorous everywhere in the
polysilicon, even underneath the silicon bridge, where no ions are implanted. The

~ polysilicon is then etched using a mask step to define the gate, after which phosphorous is

implanted to form self-aligned sources and drains (Figure below) After source and drain
anneal. low temperature oxide is deposited, and contact hole are etched. A standard
metallization step completes the process. Care is taken not to use steps at temperatures
higher than 800°C after the gate oxide has been grown.

Gate-All-Around device after source and drain formation



3.2, P-channel devices

The process starts with standard SIMOX wafers. The thickness of the starting
silicon film is 180 nm . A 60 nm-thick pad oxide is grown, and a 200 nm-thick film of
silicon nitride is deposited. A mask step is used to pattern the nitride as well as the silicon
film in a dry etch reactor. Using the nitride as a mask, 600 nm of oxide are grown on the
edge of the silicon island. Such an oxidation as for consequence to smooth the edges of the
silicon island and has been reported to be useful to improve gate oxide breakdown
properties. The nitride and the pad oxide are then wet etched, and a second masking step is
used to define areas where the underlying oxide (as well as the edge oxide) will be etched.
Etching of the buried silicon leaves a beam (bridge) of silicon free-standing over a
cavity.The silicon bridge is supported at both ends by the original buried oxide. The free-
standing part of the silicon island will later on become the active part of the device (the
channel region), while those parts still supported by the underlying oxide will become the
source and the drain. A thick thermal gate oxide is then grown at 8500C in dry oxygen. Its
thickness is 50 nm . Boron is there implanted to adjust threshold voltage. A 450 nm-thick
polysilicon film is the deposited in a LPCVD furnace at a temperature of 620°C. Because
of the excellent conformal deposition of LPCVD polysilicon, gate material is deposited not
only at the top of the device, but also in the cavity below the silicon bridge. Polysilicon is,
hence, deposited all around the gate oxide which itself is grown all around the channel
region of the silicon island (hence the name: Gate-All-Around Device.) The polysilicon film
1s then implanted with phosphorous ions, and a long (4 hours) annealing step is used to
diffuse the phosphorous everywhere in the polysilicon, even underneath the silicon bridge,
where no ions are implanted. The polysilicon is then etched using a mask step to define the
gate, after which phosphorous is implanted to form self-aligned sources and drains. After
source and drain anneal, low temperature oxide is deposited, and contact hole are etched. A
standard metallization step completes the process. Care is taken not to use steps at
temperatures higher than 800°C after the gate oxide has been grown.

A lithography with minimum feature size of 3 um was used for the process. Similar
devices were made without etching a cavity underneath the silicon island. These devices are
thus classical SOI MOSFETs, and can be used for comparing the electrical properties of
Gate-All-Around devices and classical SOl MOSFETs, both before and after exposure to
ionizing radiations.

The next page prescats the SUPREM-III simulation files used to model the Gate-
All-Around fabrication process as well as the result of PISCES-IIb simulation of the device
behaviour.




3.3. Process simulation for the GAA device

title gaa 180 nm n-ch
init oxide thick=.05 dx=.1 spaces=50
deposit silicon <100> thick=0.18
diffusion time=85 temp=1000 dryo2
print layers
deposit nitride thick=.2
diffusion time=400 temp=1000 weto2
etch oxide.th
etch nitride
etch oxide.th
diffusion temp=850 time=660 dryo2
print layers
etch oxide.th
diffusion temp=850 time=660 dryo2
implant boron energy=30 dose=8,10,15,20e11
diffusion temp=800 time=240
diffusion temp=820 time=300
print layers
savefile file=supnl.out device
plot chemical phosphorus top=1el8 bottom=1el5 y.logar right=0.3
+ device=regis
plot chemical boron add pause

stop
rch, Jum. 180rm, kx-50nm_ GAA
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Suprem simulation of the impurity profile (top) and Pisces simulation of the n-
channel devices (middle and bottom top). The Suprem input file is listed above.




3.4, Process flow chart

Macro Step Description WAFER

7:i8:i9410(11

SIMOX=S, BULK P-CH=P, NCH=N, TEST=T SiSigisS: s

Get 10 SIMOX wafers from JP Colinge X ixixbxix

Get 5 bulk wafers, p-type <100>, 10-25 ohm.cm

Get 5 bulk wafers, n-type <100>, 4-6 ohm.cm

Label SIMOX wafers with numbers 7 to 16 Xx Ixixixix

Label p-type bulk wafers wafers with numbers 1 to 3, and 17 and 19

Label n-type bulk wafers wafers with numbers 4 to 6, and 18 and 20

Measure thickness of SIMOX wafers with UV/vis reflectance X i X ix§xix

grow 100 nm of oxide X §ix:ixix}ix

strip oxide in BHF X ix Exixix

Measure thickness of SIMOX wafers with UV/vis reflectance X ixixixix

grow 31 nm of oxide X 1 x ix§Exix

strip oxide in BHF

Measure thickness of SIMOX wafers with UV/vis reflectance

Pad oxidation: grow 30 nm, dry oxygen, 1000C

Measure pad oxide thickness on wafers 22 to 25

Deposit 200nm nitride X X ixixix

Measure nitride thickness

*** Litho: active area *** Canon exposure, develop, hardbake X+ X Ex Ex§x

Plasma etch 200nm of nitride x Pxtxbxlx

Etch 30nm pad oxide in BHF (dewetting on bulk) X Ixixixix

Wet/dry resist strip X ixixExix

*** Litho: n-channel mask *** Canon, develop, hardbake

Field implant; Boron, 50 keV, 4e14 X i x P xix

Wet/dry resist strip

anneal in N2, 950C, 90 min X ] X§XxXix

0.13 um trench etch in silicon (stop on oxide) X I X i xX§Exix

Field oxidation: grow 400nm steam 1000C X { X Ex§ixix

Field oxidation: grow 600nm steam 1000C

Inspect field oxidation X ixExixix

Wet etch oxide on nitride (20 sec BHF) XiIxXixixix

Wet etch 200nm nitride X {x i xix{x
X X X X X

*** Litho: n- channel mask *** Canon, develop, hardbake

Implant boron 170 keV 112

implant boron 60 keV 2.5e11

implant boron 60 keV 3et1

Strip resist




*** Litho: ETCH mask """ Canon, develop, hardbake

Oxide etch in BHF by JPC

x

>

resist strip (NO ULTRASOUNDS!!)

Gate oxidation: 30 nm @ 850 C, steam

x > x ix

Gate oxidation: 50 nm @ 850 C, steam

déposit polysilicon, thickness=450nm

measure polysilicon thickness

implant phosphorus 50 keV, 1e16

annealing: 45 min @ 800 C in N2

annealing: 240 min @ 800 C in N2

Etch native oxide on poly in HF (dewetting)

measure polysilicon sheet resistivity

“** Litho: poly gate mask mask *** Canon, develop, hardbake

Polysilicon plasma etch (thickness=450nm}

strip resist (NO ULTRASOUNDS!!Y)

measure remaining oxide thicknass (on source & drain)

thin S&D oxide to 20 nm in HF 2%

*** Litho: n-channel mask *** Canon, develop, hardbake

implant phosphorus 70 keV 4e15

strip resist

*** Litho: p-channel mask *** Canon, develop, hardbake

implant boron 25 keV 4e15

resist strip

S&D anneal:180 min @ 800 C in N2

deposit 600 nm undoped TEOS

densify 30 min @ 800C in O2

*** Litho: contact holes mask *** Canon, develop, hardbake

etch oxide in BHF; note time to dewetting

wet etching contact holes in BHF

strip resist (NQ ULTRASQUNDSH!Y

Al/Si sputtering: thickness=1 pm

*** Litho: metallization mask *** Canon, develop, hardbake

Plasma etch metal + inspection

resist strip in microstrip

HK I X X I Ix

2 X 1 XX

X OIX 1 {> EXX X

X I I X I

sintering 3 waters forming gas 420C + call JPC

sintering _ forming gas 420C + call JPC

x

END

D EX I I I I I §X §X

Process flow for the GAA device
The detailed process is given in ANNEX I




3.5. Process splits

As can

be seen in the process flow, all devices were realized in thin-film SOI

(contrarily to the devices in the first annual technical report (RHD-02)), where both thick-
film and thin-film devices were made).

Wafers 8, 9 and 10 contain n-channel devices, and the gate oxide thickness
is 50 nm (500 A).

Wafe;{ contains n-channel devices, and the gate oxide thickness is 30 nm
(300 A).

Wafers 1] contains p-chanrel devices, and the gate oxide thickness is 50
nm (500 A).

Water 1D 7 8 9 10 11
qgate oxide thickness 30 nm | 50 nm | 50 nm { 50 nm | 50 nm
N or P channel N N N N p

Process splits
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All wufers yielded devices with the expected characteristics. The vield, when the
devices were probed at the wafer level, was almost 100%.

The electrical characteristics of the GAA devices from the second run (one set of
curves tor each split) are reported in ANNEX IL

Thess characteristics are:

- IntVg) for Vpg = 100 mV, with both linear and logarithmic vertical scales
(top left Figure)

- Ip(Vps) for Vg =0 to S velis, (bottom left Figure)

- Transconductance (gm) at Vps = 100 mV, as a function of gate voltage
{bottom right Figure)

All observations made previously (see the first annual technical report (RHD-02))
about the sharp subthreshold slope, the high transconductance and the volume inversion
phenomenon are still holding for the present devices. The novelties ot the devices from the
second run (compared to the previous fabrication run) are the presence of a thinner gate
oxide (30 nm). and that of p-channel devices. The particularities of the GAA device
physics (from report RHD-02) are recalled in Section 4.1 below.

4.1 Device physics

The two Figures below present the output characteristics of a
conventional n-channel SOI MOSFET and a gate-all-around n-channel
device. The final silicon thickness of the conventional device is 125 nm,
while the thickness of the GAA device is 100 nm (the GAA device is
thinner because gate oxide was grown on bcth front and back interfaces of
the silicon film). The SOI MOSFET is partially depleted. Both devices have
*he same (drawn) physical dimensions (W/L=3um/3um), but. because of
the presence of two channels (at the top and bottom of the silicon film), the
effective width of the GAA device is 6 um.
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Output characteristics of an n-channel GAA device.
(W'/L)mask=3urn/3um.

It can be observed that the current drive is much higher in the GAA
device than in the SOI transistor. The increased drive is, of course, partly
due to the larger effectivz width (6 um instead of 3 um) and to the lower
threshold voltag= (Vth is lower in the GAA device (0.45 V) than in the SOI
MOSFET (1.2 V) because of the thinner silicon film and because of the
interaction between the top and bottom depletion zones). But another effect
has to be taken into consideration to fully account for the increased drive.
This effect is called "volume inversion".4 It can clearly be observed in the
Figure below where the transconductance of a conventional device and that
of a GAA device are compared. An additional curve labelled "SOI x 2"
presents the transconductance of the SOl MOSFET multiplied by two and
shifted to the ieft by the difference of threshold voltages (Vth SOI - Vih,
GAA) to account for both the presence of two channels and the lower
threshold voltage of the GAA device. The grey area represents the extra
drive of the GAA device, which is attributed to volume inversion.

F. Balestra e al., IEEE Electron Device Letters, Vol. 8, p. 410, 1987

10
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Transconductance (dlg/dVg) at Vds=100 mV in a
conventional SOl MOSFET and a GAA device. (W/L)mask =
3um / 3um.

The Figure below shows that the electron concentration at all depths
in the silicon film is much larger than the hole concentration, for all positive
gate voltages. The contribution of volume inversion is more pronounced
right above threshold, where the inversion layer is distributed across the
entire silicon film and where the effects of bulk mobility (in contrast to
surface mobility) can be felt.

electrons
vVg=0,1,2345V

holes, Vg=0 1

Log concentration (cm-3)
=)

0 20 40 60 80 100
Depth in silicon {(nm)

Carrier distribution as a function of depth in silicon for
different gate voltages.

At higher gate voltages, there is still inversion in the centre of the
silicon film, but the carriers are now mostly localized in inversion layers
near the interfaces. As a result, more scattering occurs, and the
transconductance tends to be equal to twice that of that a conventional
device.

11
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Electron concentration as a function of depth in silicon for
different gate voltages.

Because of the excellent coupling between the surface potentials and
the gate voltage, a subthreshold slope of 63 mV/decade is obtained at room
tempe-ature (vs. 150 inV/decade in the conventional, partially depleted SOI
dovice). Device measurements were carried at liquid helium temperature
(4.2 K> as well. As it was the case at room temperature, no kink is
observed in the output characteristics, and the output characteristics are flat
(high output impedance). At 4.2 K the subthreshold slope is equal to 24
mV/decade and the threshold voltage is 1.1 V (vs. 0.45 V at room

temperature).
104 o=
§Gate-All-Around, room temp.

= 10-5 {Gate-All-Around

< yGaie-All

S 10-7 +

E 10 -! 9

5 108 E S éj

‘5 109 3 MS E Conventional

5 0.0 J 3 SOI MOSFET
lO-lli < room temp.
10-12' A\

05 00 05 10 15 20 25 30
Gate voltage (V)

Log of current as a function of gate voltage (Vps=100 mV).

The layout of the chip used for device fabrication and the dimensions of the different
devices are reported in ANNEX 111
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5. Irradiation results

The goal of improving the radiation hardness has been achieved since the device
show almost no degradation and only a 200 mV threshold voltage shift after exposure to
L0 Mrad(Si) of X-rays 5 (ARACOR irradiation equipment). The results of these
irradiation tests is presented in the Figure below.

p—t
=

-
<

~

— GAA, second run
30 nm gate oxide

GAA, firstrun
50 nm gate oxide

Regular SOI

fully-depleted devices
30 nm gate oxide

1 [ i {
1k 10k 100k 1M 10M
Dose (Rad(Si))

Threshold voltage shift vs. X-ray total dose

['hreshold Voltage
N
< <
|

r

5 R. Lawrence, Aracor, private communication
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N-channel devices with a 30 nm gate oxide were irradiated using a %0Co source in
the Nuclear Sciences Department of the Université Catholique de Louvain (Belgium).
Here are the results of such an irradiation test, carried out on a 3um x 3um n-channel
device with a gate oxide thickness of 30 nm. The gate bias used during irradiation is +2
volts. Little leakage is observed after irradiation. The threshold shift is 1 volt, and
corresponds to a hole trapping factor value of 0.08.

1,00E-04 1
1,00E-05 +

(A)

1,00E-06 + 1 Mrad(Si
1,00E-07 A
1,00E-08
1,00E-09 +
1,00E-10 4
1,00E-11 1

o wn - Lo} o
~—

T

Pre-rad

Log Drain Current

0.5

Gate Voltage (V)

Logarithm of drain current vs. gate voltage on a 3um x 3um n-channel
device with a gate oxide thickness of 30 nm
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6. Packaged devices

Packaged devices are provided along with the present report. These devices are n-
and p-channel Gate-all-around transistors and n- and p-channel regular thin-film SOI
MOSFETs fabricated using the same process as the GAA devices (with the exception of
the cavity etch). The Table below indicates the different types of devices found in each
package.

Name Size (L/YW) Type device
Gl 3/3 um GAA device
G2 3/4 um GAA device
G3 5/4 um GAA device
Tl 3/3 um NMOS /PMOS
T2 3/4 um NMOS /PMOS
T3 5/4 um NMOS /PMOS

Devices in each package. G1, G2 and G3 are GAA devices, T1, T2 and T3
are regular thin-film SOI transistors.

It is worthwhile noting that each package contains only a chip from one of the
process splits. Therefore each package contains devices with either a 30 nm or 2 50 nm
vate oxide, and contains either n- or p-channel devices, not both.

Quarter of wafers from each splits (unpackaged devices) have been mailed as well
to Dr.Harold Hughes, Naval Research Labs, Washington D.C.

15




The bonding pad configuration of the chips is presented below. 24-pin DIL
packages have been used. Pin #1 is connected to the silicon substrate (the back gate of
the regular SOI transistors). The notations are self-explanatory. For instance, pin #4 is
connected to the drain of the GAA device #1, and so on. The device names (G1, G2,
G3.T1, T2 and T3) refer to the Table on the previous page.

S
Substrate — 1 24-pin DIL 24— NC
\NC —2 23— NC
NC —3 22— NC
Gl - drain =4 21~ T1 - gate
Gl-gate -5 20]— T1 - drain
G1 - source < 6 19]— TI1 - source
G2 -drain — 7 18}— T2 - drain
G2-gate — 8 17— T2 - source
' G2 - source— 9 16j— T2 - gate
G3-gate — 10 15}— T3 - drain
G3 - source=—{ 11 14}— T3 - gate
G3 - drain — 12 13— T3 - source
!

! Pin layout of the packages devices

Although all devices were functional prior to bonding, we noticed that some were
1 degraded or destroyed after bonding. The wire-bonding machine of IMEC was indeed

experiencing ESD problems at the time where these devices were packaged. As a result,
some devices in the packages have lost their functionality. After bonding, all devices
were re-tested in order to establish the three Tables below.

The devices which "survived" the bonding may also have been affected, in some
way, by the ESD problem. Therefore, we recommend that no voltage larger than
3 volts be used on any terminal of the devices (gate, drain or back gate). This
is especially true for the devices with the thinner gate oxide (wafer #7).
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Wafer #7
NMOS, 30nm gate oxide
Device name
Packagenoc. (Gt |G 1 G3{T1|T2]T3
7 -1 X{ X X | X] X| X
7 -2 KIXK] X | X | KIXK
7 -3 KX X XK X{XK
7 -4 K]|XK]XK]|XK]|XK]XK
7-5 X]TXK] X | X]K]IXK
7 -6 K| X K]|XKIXK[XK
7-7 X ITXKXIK]|XK|K|XK
7 -8 X1 X[ X | X]|XK|IXK
7 -9 X] XITK] X | KK
7 - 10 X KIXK] X] XIXK
7 - 11 XKL X K] X] X
7 - 12 X| X X} X| X] X
7 - 13 K] X]XK] X |[XK]XK

Bonding functionality for packages from wafer 7 (n-channel devices with
30 nm-thick gate oxide. "OK" means that the device works fine, and "X"
means that the device has been degraded by ESD during bonding.

Water #10
NMOS, 50nm gate oxide
Device name
Packageno. | G1 | G211 G3 | T1|T2|T3
10 - 1 X | KK X XK XK
1 - 2 KKK | KKK
10 - 3 X | KIXK] X ] X] X
10 - 4 X | XK |XKIXKIXK
10 - 5 X [ K| XK|XKIXK|XK
10 - 6 KK KKK XK
10 - 7 X | X K] X KK
10 - 8 X I K XKIXKX|KIXK
10 - 9 K X K| XK]XK]XK
10 - 10 X JK|XK| X [ K|XK
10 - 11 X | XK X |[XK]XK
10 - 12 KKK X KK
10 - 13 KKK X KK
Bonding functionality for packages from wafer 10 (n-channel devices with

50 nm-thick gate oxide. "OK" means that the device works fine, and "X"
means that the device has been degraded by ESD during bonding.
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Wafer #11
PMOS, 50nm gate oxide

Device name
Package no. Gl G2 G3{T1]T2}713
11 - 1 X | XK[XK] X [XK[XK
11 - 2 KK XK|[XK|XK|XK
11 - 3 X|ITK|XKIXK[K|XK
11 - 4 X KKK XK
11 - 5 X]|XK]XK|XK]|XK[XK
11 - 6 KK XHK]XK]|XK|XK
11 -7 X | K[ XK]XK[XK] X
11 - 8 X ITK|IXKIEK[K|XK
11 -9 XITK|K|K][XK|XK
11 - 10 X KIK|IXK]|XK[XK
11 - 11 X | K[XK]XK]|XK]XK
11 - 12 X[ K|[XKJXK[XK]|XK
11 - 13 XITHKIXK]IKIXK[XK

Bonding tuncononality tor packages trom water 11 (p-channel devices with
SO nm-thick gate oxide. "OK” meuns that the device works fine, and "X"
means that the device has been degraded by ESD during bonding.




ANNEX |

PROCESS FLOW

The following pages deseribe i detail the difterent steps of the fubrication process
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IMEC v.z.w.

Lot number : PLINE240/1
Product SOI 3UM CMOS
Route : GW_S3CMOS1

SPLIT LOT 0900 27/03/91
SPLT

MVNS

WORKSTREAM V5.2

Standard Report

CANON PR 4 6104 27/03/91

MVOU CANON

# WAFERS
# TIMES
DEHYD TEMP
SOFTBAK TEMP
PHOTORESIST
MASK ID
EXPOSE TIME
SUBSTRATE
D.U.V. TIME
POSTBAKETEMP
POST METHOD
DEVELOPMENT
RESIST SPEED
VISUAL™ INSP
OXYGEN FLASH

5
1
200
110
S1713
SOI ETCH
39.00
SI02/S1
5.00
150
OVEN
TRACK
4300
PASS
NO

INSP PH 4 7314 28703791
MVOU MICROSCOPE

# VAFERS

PPI EXAMINE
PPI PASS

PPI FAIL

PPI MARGINAL
PPI ACTION

50

PASS

WETCH 0X 7104 28/03/91
MVOU WET BENCH

COMMENT : BHF: 20’ - BAKE:130C 20~

# WAFERS
VETETCHSTUFF
VET ETCHANT
TEMPERATURE
DEVICEVAFEFR
DEVWAFETCTTH
OVEN - BHF::- -FHT:

THOX
BHF

i

Page 19 A




IMEC v.z.w.

Lot number
Product

WORKSTREAM V5.2

PLINE240/1
SOI 3UM CMOS

Route : GW _S3CMOS1

DRY US STR
MVOU

7424 29/03/91
PRS800

Standard Report

% WAFERS
DRYSTRIPTIME
E STRIP TEMP
WETSTRIPSTUF
WETSTRIPTIME
ULTRASON PWR
VISUAL INSP

5
30.00
137.00
MICRO2001
30
.0
PASS

G DOX 975
MVOU

8436 29/03/91
I-4

4 WAFERS

FUR TYPE

DRY OXIDTEMP
DRY OXID TIM
STANDARDRAMP
TESTWAFER 1D
MEAN THICK
S.D. THICK

DRY
975
40
YES
SYSTEM
28.5

READ ME
MVOU

7010 03/04/91

G DOX 975
MVOU

8437 04/04/91
I-4

% WAFERS

FUR TYPE

DRY OXIDTEMP
DRY OXID TIM
STANDARDRAMP
TESTWAFER ID
MEAN THICK
S.D. THICK

DRY
975

YES
SYSTEM

READ ME
HLLT
RLLT
COMMENT :

7011 05/04/91

ST-BRIDGE 0K

Page 19 B
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TMEC v.z.w. VORKSTREAM V5.2 Standard Report
Lot number : PLINE240/1
Product : SOI 3UM CMOS
Route : GW S3CMOS1
READ ME 7011 05/04/91
MVOU
G DOX 975 8438 05/04/91
- HLLT
COMMENT : DERDE WAFERLABELING NIET LEESBAAR IN SPEC
RLLT
MVOU 1-4 # WAFERS 4
FUR TYPE DRY
DRY OXIDTEMP 975
DRY OXID TIM 90
STANDARDRAMP YES
TESTWAFER ID SYSTEEM
MEAN THICK 49.8
S.D. THICK 1.1
THK MEAS 8 7358 08/04/91
- “MVOU LEITZ % WAFERS 4
TESTWAFER ID S3CM1/18,20
MEAN THICK 29.7
S.D. THICK 4
DEVICEWAFER1 S3CM1/18
THICKNESS1 29.8
THICKNESS1 30.0
THICKNESS1 29.2
THICKNESS] 30.2
THICKNESS1 29.4
DEVICEVAFER? S3CM1/20
THICKNESS?2 49,5
THICKNESS?2 50.1
THICKNESS?2 49.2
THICKNESS? 50.8
THICKNESS2 49.8
NOMTHICKNESS 50
GTM ACTION PASS
I;1-B MU L 3292 0B/04/91
MVOU NV6200 # WAFERS
ION SPECIES Lot ot
IMPLANT DNSE 1508 e

Page 19 C
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IMEC v.z.w. WORKSTREAM V5.2 Standard Report
Lot number PLINE240/1
Product SOI 3UM CMOS
Route : GW S3CMOSI
I/1-B MU L 3292 08/04/91
IMP. ENERGY )
BEAM CURRENT 2
TILT ANGLE 7.0
RUN NUMBER 91040873
RESIST ON ? NO
POSTBAKE ? NO
CHAMBER VAC 450E-08
H2 COOL PRES 1.0
TOTAL TIME 16
I1/1-P 1E11 3121 08/04/91
CEDA NV6200 # WAFERS 1
ION SPECIES BOFON
IMPLANT DCSE 200E 10
IMP. ENERGY 25
BEAM CU..RENT Ak kkd kK ko kokk
TILT ANGLE 7.0
RUN NUMBER 91040874
JELLST ON ? NO
POSTBAKE 7 NO
CHAMBER VAC 270E-08
H2 COOL PRES 1.0
TOTAL TIME 22
CEDA NV6Z00 # WATFrZ 2
I0M SPECIES BORON
IMPLANT LCSE 250E 10
IMP. ENZRGY 25
BEAM CURRENT 2
TILT ANGLE 7.0
RUN NUMBER 310408
RESIST ON ? NO
POSTBAKE 7 NO
CHAMBER VAC 314E-08
H2 COOL PRES 3.0
TOTAL TIME 28
MYOU NV6200 # WAFERS 1
ION SPECIES PHOSEHORDA

e

IMPLANT DOSE
IMP. EMEPCY
BEAM cumpurt
TILT ANCLE
FUN NUMBEF
RESIST ON 7

19 D
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IMEC v.2.w.

Lot number :

WORKSTREAM V5.2

PLINE240/1

Standard Report

Product S0I 3UM CMOS
Route : GW_S2(CMOS1
1/1-P 1E11 3171 08/04/91
POSTBAKE ? NO
CHAMBER VAC 515E-08
H2 COOL PRES 2.1
TOTAL TIME 60
MERGE LOT 0950 08/04/91
MRLT
o e e e e e e e — +
UNITS used

Oven times are in minutes

Sputter times are in seconds

Etch times per wafer are in seconds
Strip times are in minutes
Temperatures are in degrees Celsius
Dimensions are in nm

Page 19 E
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IMEC voriw. WORKSTREAM V.2
Lot number PLINE240O

Product : SOI 3UM CMNS

Route : GW S3CMOS1

=
-n
J
LS
un
o
P

- e .
Stannard Fenaore

WFR SELFCT 7001 26/02/91

VO KRASPEN LABEL
THK MEAS 1 7381 2670291

VO LEIT?Z ¢ UAFERS

DEVICEWAFER]
NOMTHICKNESS
GTM ACTION

COMMENT SEE

10

200

FULL

—t
oN

! N LA NN ZANTALE!
v MORCTE # VATERS
CLEAN TYPE
o Re.u 2702791
v T ¢ WAFERS

FUR TYPE

DRY OXIDTEMP
DRY OXID TIM
STANDARDRAMP
TESTWAFER ID
MEAN THICK
S.D. THICK

DRT

Lo

I

1000
180

101.6
2.1

WETCH of 27/02/01

MVOY wET BENCH & WAFEERS
WETETCHSTUFF
WET ETCHANT
TEMPEZRATURE
DEVICEWAFER
DEVWAFETCTIM

Page 19 F
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.ot number PLINE240
Product SOT 3UM CMOS
Route : GUW_S3CMOSI

27/02791

WETCH OX 7101

THK MEAS 2 7352 27/00/091]
B MVOU LEITZ * WAFERS
MOMTHICKNESS

GTM ACTION
CUMMENT

WORKSTREAM V5.2 Standard Report

MEASUREMENTS SEE LTHL. MEASURED ON VS/VIS.

rn

D OxX 1000 8641 28/02/91
N MYVOU I1-3 % UAFERS 10
FUR TYPE DRY
DRY OXIDTEMP 1000
DRY OXID TIM 3
STANDARDRAMP  YES
TESTWAFER ID  SYSTEEM
MEAN THICK 31.1
S.D. TEICK .9
WETCH | 102 28/02/91
RLLT
AR WET BENCH * YAFERS 5
VETETCHSTUFF  THOX
VET ETCHANT RHF
TEMPERATURE 22.0
DEVICEWAFER 12-16
DEVWAFETCTIM 43
THE MEAS 3 7352 N&/03791
) “wyny LEITZ & 1,AFERS 5
eV TCEWAFER] 12-1¢
LOMTHICKNESS 142
AT™ ACTION PaSS
D oY luon 8642 N4/03/91

Page 19 G
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Lot number

SOI 3UM CM0S
GW_S3CMOST

Report

ANNOTATION

DD WD
Z 2 A

[VSR UV PR V)
NSNS SN V]
[UANVL RS o

Standard

: UATERS

FUR TYPE

DRY OXIDTEMP

ORY 0OXID TIM

STANDARDRAMP
TESTWAFER ID

MEAN THICK

S.D. THICK

4 WAFERS

TESTWAFER ID

NOMTHICKNDSS

GTM ACTION
2:33.9 0:
2:32.7 0:
Z2:32.5 O
2:33.2 0:

~ O~
© T

L L)
.
-0 s N

3.0 V:32.

QBLWlxlé VERTOONT ZWARTE VLEKJES
ET IS GEEN RESIST)

= YAFERS
CLEAN WIP
FILM TYPE
STANDARD.?
DEPOSIT TIME
MEAN THICK §
S.D. THICK §
TESTWAFER ID
PARTICLE TOT
PARTICLE CM2
SREA

PART RANGE 1
PART RANGE 2
PART RANGE 3
PART RANGE 4

Page 19 H
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[MEC v.z.w. WORKSTREAM V3.2 Srannarvd Repors TAGE -
Lot number : PLINE240

Product : SOI 3UM CMOS
Route : GW_S3CMOSI

NITR DEP 1201 05/03/01

NP IREY IRACRRAS |

. T U 2
Koty olay oy oty
LS|

e

L.

1o
31340

3
L

(WA R S IS
~J

29

,4
o

THK MEAS 5 7355 05/03/91
B TMYOU SPECTRAMAP ¢ JAFERS 4
TESTWAFER ID  S3CM1,17-20
NOMTHICKNESS 200
GTM ACTION PASS
COMMENT : MEASUREMENTS SEE LTHL (ALTH).

CANON PR 1 £101 Ns/03/91
MUY CANON WATERS 16
TIMES 1
EHYD TEMP 200
QFTBAK TIMP 1
KQTNRESIST
MASK ID
EXPOSE TIME 35,00
SUBSTRATE NITRIDE
D.U.V. TIME .00
PNSTBAKETEMP as
pOST METHOD HQTELATE
DEVELOPMENT TRATK
RESIST SPEED 4300
YISUAL INSP A
NXYGEN FLASH  NO

O D et

<
o
OS]

@]
-

b~

oW
-

e
4 99
w
[#2]

LNSPOPH I 7311 06703791
MVOU MICROSCOPE £ WAFERS

PrI OENAM

PFI ¢

FPI F

PPT M

WAL
DN

o

Page 19 1
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IMEC

SORFSTREAM V.2 Srandard Feoon

Jed

PLINET QO
SOOI 3UM CMOS

Lot nurmber
Producs

Route W S3CMOR]
[NSP PR 1 DRBE

COMMENT ¢ 31 ToP [AYE

NIT D ETCH 4201 0703791
MY MJAL = WAFERS 16

RECIPE 1D NI ETCH
LOGBOOK REF 91,53
DRYNITRSTUFF  NITRIDE
ETCH TIME 1105.00
VISUAL INSP rass
MASK COND.. GOOD
ETCHSTOPLEFT N4
ETCHSTOPLEFT 20.8
ETCHSTOPLEFT 29.0
ETCHSTOPLEFT 29.8
ETCHSTOPLEFT 21.3

POST ETUH: RN (803791

' MO MITROSCAOPE & WAFERS 6
PET EXAMINE 60
PET PASS )
PEI Fall
PET MARGINAL 55
PEI ACTION PASS
MMINT L JLEFR 1w JUEEREN!
DRY US ST 74l 11/03/01]

& YAFERS
DRYSTRIPTIME
VETSTRIPSTUF
WETSTRIPTIME
ULTRASON PUWR
VISUAL INSP

WETCH X

I ERR!

WET

1170300
EENCH ¥ UAFERS
VETETCHSTUFF

MYy

Page 19 ]
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30.00
MICROZ2001
50
1nn.o

PASS
16
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IMEC wv.z.ow.

PLINE240
SOI 3UM CMOS
GW_S3CMOS1

Lot number
Product
Route

“ETCH OX Tlivs tlonieal

TESWAFETCT
PEVICEUAFE
FETCT

)
I8
pi)
4

[l

COMMENT BHF ETCHTIME: 29" . 6" = 3

. . ..
WUORK STEREAM VI tanaary Fepor

2z
SR
se
ED
e g
PR
-

CANON PR 2 64102 12/03/91

MVOU CANON 2 WAFERS
= TIMES
DEHYD TEMP
SOFTBAK TEMP
PHOTORESIST

S¥POSE TIME
SUBSTRATE

D.U.V. TIME
POSTBAKETEMP
POST METHOD
DEVELOPMENT

A 12n3/0)

MICROSCOPRE

r
—

I'T-F k14
MYVOU

3250 13/n3/91
Y6200 2 UAFERS
cyp

Page 19 K
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43.00
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10.00
132




IMZC o

PLINE240
SOI 3UM CMOS
oW S3CMOSt

Lot nuwber
Prciuct
Route

WORKSTREAM VO 7

~

I/1 3 1Fl4 250 13/03,01
TILT oANmLE
RI'N NUMBER
RESIST N 7
POSTRAKE 7
TOTAL TIME
DRY US STR 422 13/03/791

MVOU PRS8Q0

& YAFERS
DRYSTRIPTIME
E STRIP TEMP
WETSTRIPSTUF
WETSTRIPTIME
ULTRASON PWVR
VISyUAL INSP

>rtaraarg Jeport

LDERRS
ST Q
Lo
i.l’)
Gy

5
£€0.00
199.00
MICR0OZ0O01
20
100.0

1
o
L2}

Coannoago 8130 Lésinasal
MO T-0
~oETew L] 21703791
hAEES] oUsL
FOCT RTOM2 7332 RSRARE VALY
weau MTCROSCOPE

2 JAFERS

FUR TYPE
ANNEAL TEMP
ANNEAL TIME
STANDARDRAMP

& UAFERS
RECIPE ID
LOGBOOK REF
DRYSIXTSTUFF
ETCH TIME
VISUEL INSP
MASK COND. .

4
AMNN
as0
a0
BN
10

SI ETCH
21,77
SI NTAL

420.00
PASS
palgIN

 VAFERS

PET ENAMINE
PEI PASS

PET FAIL

PET MARGINAL

Page 19 L
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IMEC wv.z. .

WORKSTREAM vE.2

Lot number : PLINE240

Product : SOI

3UM CMOS

Route : GW S3CMOS]

Standard Report

PAST ETCH? 7332 25/03,91
B PET ACTION DAL
COMMENT : F0X MEASURED ON WAFERS 9,14.11: .- oO0ONM,
C WAX 1000 8140 25/03/91
- MyOU 1-2 2 WAFERS 10
FUR TYPE VET
WET OXIDTEMP 1000
VET OXID TIM 138
STANDARDRAMP  YES
TESTWAFER ID  SYSTEM
MEAN THICK 592.4
S.D. THICK 2.7
C WOX 1000 83141 26/03/91
h MyOU -1 ¢ WAFERS 11
FUR TYPE WET
WET OXIDTEMP 1000
VET OXID TIM 75
STANDARDRAMP  YES
TESTWAFER ID  SYSTEM
MEAN THICK 393.1
S.D. THICK 4.9
HEoMIag o6 7156 27/03/91
MYOU LEITZ & WAFERS 4
DEVICEWAFER]1  S3CM1/1
THICKNESS1 584.0Q
THICKNESS1 588.0
THICKNESS1 387.4
THICKNESS1 586.6
THICKNESS1 587.3
DEVICEWAFER?  S3CMIs&
THICKNESS? 588.7
THICKNESS? %01.8
THICKNESS? 200, 1
THICKNESS? g0l .2
THICKNESS? %38.3
NOMTHICKNESS 500
ATM ACTION P4ss
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Lot number
Product
Route

THK MEAS ©

C_WOX 1000
CEDA

COMMENT

MYNS

COMMENT

Mol

COMMENT

SPHIT LoT
SPLT

MO

FOX ON SOI-WAFERS:

MOoaDDITIONAT

wORKSTREAM VS,

PLINE24O
SOI 3UM CMoS
GW SICMNS!

o
<

‘i 3 o .
Sranda .l Hepo:

7386 27030
8lal KRNARE T
LEITZ

I-1

THICKNESS]
THICKNESS1
THICKNESS]
DEVICEWAFERZ
THICKNESS2?
THICKNESS?
THICKNESSZ
THICKNESS?2
THICKNESS2
NOMTHICKNESS
GTM ACTION

¢ WAFERS
WET OXID TI¥

#IELD 0OXIDATION IS NEEDED.

a2
>
tm

QIcM1 /7
A35.0
41072
640, 8
$20.9
~38.0

SICM1/12
hal. 0
62303
632.8
625.4
£35.0

£33

PASS

JHBICKNESS=THOX SI-FILM-INTERMEDIATE OX

2121 27/03/91
wET BENCH

B30 27/03/01

¢ WAFERS 20

WETETCHSTUFF  THOX

WET ETCHANT SHF

DEVWAFETCTIM 20

YETCHSTUFF 1 NITRIDE

WET ETCHANT]  TRANSETCH

DEVWAFETTIM! 60
Page 19 N




IMEC v.o.ow.
PLINE240
SOI 3UM CMOS

GW_S3CMOS]

Lot number
Product
Route

RENAAR YA
LNl

SPLIT LOT
I/1-P 1E11
MYOU

AR ARV
SR

HVH200

[ RS A SR

o]

2]
2
X

EaM CURR
ILT ANGLE
RUN NUMBER
RESIST ON 7
POSTBAKE 7
CHAMBER VAC
H2 CNOL PRES
TOTAL TIME

Lalnis}

T

x

1)7:4
MyOy

G DOX 843 29/703/91

<
>
T-4

% WAFERS

FUR TYPE

DRY OXIDTEMP
DRY OXID TIM
STANDARDRAMP
TESTWAFER ID
MEAN THICK
S.D. THICK
TESTWAF 1D
MEAN THICK
S.D. THICK

(SRS N

DRY

20 O

Cas

£~

I.I-g MU L 29/03/91

MVOU

1290
NV6200

a4

WAFERS

ION SPECIES
IMPLANT DOSE
IMP. ENERGY
BEAM CURRENT
TILT ANGLE
RUN NUMBER
RESIST ON 7
POSTBAKE ?
CHAMBER VAC
H2 COOL PRES
TOTAL TIME

Page 19 O
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IMEC v.z.w.
PLINE240

SOI 3UM CMOS

GW_S3CMOS1

Lot number
Product
Route

WORKSTREAM W22 -

THK MEAS 7 7357 D304 ,91
B TMYOU LEITZ = ATERS 2
TESTWAFEZR IR 1701
MOMTHICKNESS 505
GT™ ACTION R
COMMENT ANNOTATION
S3CM1/17: C€=49.9 N=48.3 7Z:=49.7 0=40.4 Y=48.7
SACM1/19: C=48.9 N=49.0 Z-40,5 0=40.1 V=490
CANON PR 2 6103 03,0479
MyUOU CANONM % YAFERS 4
# TIMES 1
DEYYD TEMP 200
SOFTBAK TEMP 110
PENTORESIST S1712
MiSK 1D SOT N CH VT

£XPOS
SUBST
D.U.V. 1
POSTRBAKETEMP
POST METHOD
DEVELOPMENT
RESIST SPEED
VISUaL INSP
NYYGEN FLASH

MT
[y

ET
RaT
T

I r4 00

M
E

QVEM
TRACK

ASS
0

2 '0

7313
MICROSCOPE

INSP FH 2

MYOU

a2

N4/04/91

2 UAFERS

PPI EXAMINE
PPI PASS

Fel FaIl

PPI MARGINAL

PRI ACTION
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Lot number
Product
Route

CRDA

[P

PLINE240
SOT 3UM CMOS
GW_S3CMOST

[P

L) s

f
AR I

AN
423
NVE200

NVA2010

MVH200

N4 79371
Ly 0
= ULARERS 3
TN OSPECIES Dol
IMPLANT DNSE R oLe
IMP. ENERGY n
8EAM CURRENT 2
TILT ANGLE 7.0
RUN NUMBER 91040573
RESIST ON ? NC
POSTBAKE 7 NQO
CHAMBER VAC 419E-08
HZ COQL PRES 3.0
TOTAL TIME 16
Na 14797

S
PLA

=3 0 bt b4 4 gt

4 bq

S e o B € ool SR I 4.8 e ARE S
AR TS DA aulie
P

e e B N I e B B SR B o NS B3

MPL;

MP. ENERGY
ZAM CURRENT
ILT ANGLE
UN NUMBER
EQIST ON 2
:AMBER

InN 5P
\]
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SORCTH
1008 17

D

=
) D .

(%)
r—

~4
[

A
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Lot number : PLINE?240
Product : SOI 3UM (CM0S
Route : GW S3ICMOST

DRY Us &7 Tull Caw it

o)

TN e
RSN

e

LA

MVOU PRSBQO0C
30.00
166.00

MICROZO00

V] :‘(;: »ﬁ.‘ "\ v\% A *l
M
M

FOLT naTE Tin] SR PENE S|

8
e
-

Lo
i
s

THEK MERR 0 10 L s

MU LEITT : VAFERS 4
TESTWATER TD RIcml 1700
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IMEC v.z.ow. WORKSTREAM V3.2 Standavd Repor:
Lot number PLINE240
Product SOT 3'IM CMO0S
Route : GW S3ICMOS1
THK MEssS 9 7359 Qo/04,91
BASRY! NY
2851 447.9
£ssl Li0 9
THICKNESSI £48.9
THICKNESSI 450.3
DEVICEVAFER2 S3CM1/18
THICKNESS2 446.4
TKICKNESS? 446,48
THICKNESS?2 L47.9
THICKNESS? L4464
THICKNESS? 4aug8.6
NOMTHICKNESS 450
GTM ACTION PASS
COMMENT ANNOTATION VALUE CHANGED FOR PARAMETER THICKNESSZ
UNIT Centre
FROM 444.9 TO 44c.4
VALUE CHANGED FOR PARAMETER THICKNESSZ
UNIT East
FROM 444.6 TO 446.4
VALUE CHANGED FOR PARAMETER THICKNESSZ
UNIT North
FROM 448.9 TO 447.9
VALUE CHANGED FOR PARAMETER THICKNESSZ
UNIT South
FROM 445.7 TO 446.4
VALUE CHANGED FOR PARAMETER THICKNESS?
UNIT Vest
FROM 445.9 T0 448.6
VALUE CHANGED FOR PARAMETER # WAFERS
UNIT
FROM 15 0 19
COAT FRONT 6901 09/04/91
CEDA LEITZ 2 UAFERS 4
TESTWAFER ID SAICH1/17-20
DEVICEWAFER] S3cM1 10
THICKNESS1 Ladb .9
THICKNESS] A
THICKNESS] 143.9
THICKNESS] 4457
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IMEC v.z.w. VORKSTREAM V5.2 Standard Report
Lot number : PLINE240

Product SOI 3UM CMOS

Route : GW S3CMOS1

w

COAT FRONT 6901 09/04/91
THICKNESS] 4630
DEVICEWAFERZ  S3CM1/20
THICKNESS? 445.3
THICKNESS?2 444.9
THICKNESS? 449.9
THICKNESS2 447.0
THICKNESS? 449.9
NOMTHICKNESS 450
GTM ACTION PASS
MVOU MTI % YAFERS 19
& TIMES 1
DEHYD TEMP 200
MISCSPINSTUF  $3413
RESIST SPEED 4600
D.U.V. TIME .00
POSTBAKETEMP 150
POST METHQD QVEN
POSTBAFETIME  150E-01
VETCH POLY 7111
MYOU WET BENCH ¢ UAFERS 19
VETETCHSTUFF  POLY
WET ETCHANT POLYETCHSTUF
TEMPERATURE 22.
TESTWAFER ID  S3CM1/20
TESWAFETCTIM 120
DEVICEWAFER ALL
DEVWAFETCTIM 190
COMMENT @ BEFORE POLY WET ETCH, A BHF DIP OF 10" IS DOME.
VETCH 03 7105
MVOU WET BENCH ¢ YAFERS 19
VETETCHSTUFF  THOY
WET ETCHANT BHF
TEMPERATURE 22.0
TESTWAFER ID  S2CM1/20
TESWAFETCTIM 58
DEVICEWAFER ALL
DEVWAFETCTIM %6
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IMEC v.z.w.

Lot number
Product
Route

WORMSTREAM VS .2

PLINE240
SOI 3UM CMOS
GW_S3CMOS1

DRY US S$TR 74258 160801
MY OU PRS8ON 4 WAFERS 19
DRYSTRIPTIME 2000
' E STRIP TEMD 155.00
VETSTRIPSTUF  MICERG2CON
WETSTRIPTIME 30
ULTRASON PUR 0
vISualL INSP PASS
1/1-P 1E16 3170 12/04/91
My0y NV6200 & VAFERS 19
10N SPECIES PHOSPHORUS
: IMPLANT DOSE  100E 14
IMP. ENERGY S0
BEAM CURRENT 700
TILT ANGLE 7.0
RUN NUMBER 210:11/1
RESIST ON 7 NO
POSTBAKE ? NO
CHAMBER VAC LN0OE-08
H2 COOL PRES 2.0
TOTAL TIME 134
CoANN S 5200 12/04791
My 1-2 t UAFERS 12
FUR TYPE ANN
ANNEAL TEMP 800
ANNEAL TIME 45
STANDARDRAMP  YES
COMMENT @ SRCM1/5 GEBROKEN IN QVEN
C ANY AN 31301 12704791
- MIOY 1.2 ¢ YAFERS 7
FUR TYPE AN
ANNEAL TEMP 200
ANNEAL TIME 240
STANDARDRAMP RS
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Lot number

Dradii~r
SUCOUl T

Route : GW

WORKSTREAM VS, Q

PLINE240

cnT 2t
QOL AN

¢ S3CMOS1

~uno
CMGS

Srtandaid Repors

WETCH 0y T106 15/04/901
MYOU WET BENCH s WAFERS 13
VETETCHSTUFE  THON
WET ETCHANT qur
TEMPERATURE 22.0
TESTWAFER ID  S3CM1/17-20
TESUAFETCTIM 14
DEVICEWAFER ALL -(3.12)
DEVWAFETCTIM 14
RES MEAS 1 7171 15/04/91
h TCEDA FOURDIM & WAFERS 1
TESTWAFER ID  S3CM1/19
MEAN RESISVY  190FE 00
S.D. RESISVY  124E-02
GRM ACTION JSERNS
ML FOURDIM ¢ YAFERS 1
TESTWAFER ID  S3CM1/20
MEAN RESISVY  140E 20
S.D. RESISVY  314E-02
GRM ACTION DASS
ANON VRS £108 T4a/046/71
Mo CANON z WAFERS 14
= TIMES 1
DEHYD TEMP 200
SOFTBAK TEMP 110
PHOTORESIST 21712
MASK ID 0T 20LY
EXPOSE TIME 24.00
SUBSTRATE oOLY
D.U.V. TIME .00
POSTBAKETEMP a5
PNST METHOD HUOTPLETE
DEVELOPMENT TRACK
RTSIST SPEED 42200
VISUALTINGD ras
OYYGEN FLASH MO
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IMEC v.z.w.

PLINEZ40
SOI 3UM CMOS
GW_S3CMOS]

Lot number
Product
Route

INSP PH 5 7315 247048007

MVQU MICROSCOPE = UAFERS
PPI EXAMINE
PPI PASS
°PI FAIL
PPI MARGINAL
PPI ACTION

WORKSTREAM V2.0 Stancdavec Repors

26/04/091

My TEGAL ¢ WYAFERS
RECIPE ID
LOGBOOK REF
DRYPOLYSTUFF
ETCH TIM BRK
ETCH TIM BLK
ETCH TIM OVN
DEVWAF MV 1
DEVWAF SD ™1
DEVWAF MV 2
DEVWAF SD 2
VISUAL INSP
MASK COND..

PLY 151le

HBR-ZTCH
a1/121
POLY

[eie s}

[Rr—
)

W
I VARWING s B S ISP
Wt W W

N
p— F

PASS

Geon

POST ETCHS FRER 29/04/0]
B MU0 MICROSCOPE £ WAFERS
PEI EXAMINE
PEI PASS
PEI FAIL
PEI MARGINAL
PEI ACTION
LOT OF THEM:

COMMENT : GAA TRNSTRS:ON A

7426 0370891
FRRENN ¢ YAFEKS

DRYSTRIPTINME

E STRIP TEMP

WETSTRIPSTUF

DRY US STR

MYOU

Page 19 W
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IMEC o

Lot num
Product
Route

COMMENT

COMMENT ALL WAFERS:

THE MpigoIn 7380
MO

wETCH X 7107

COMMENT

ber

WURKSTE

PLINEZ40

SOI 3UM CMOS

GW_S3CMOS1

ANNOTATION

Jble

1: 37

2: C=39.8
j: C=33.0
4: C=37.7
6: C=40.6
17:C=400.2
18:0:=20.6

el
«

b1y

wn o~

LFTE
"' R
THE E
-WarERS.
N=20_1 7=38.9 0=2
N=40.3 Z2=39.5 (=3
N=39.1 72=38.9 0=3
N=38.8 2-38.4 (1:3
N=41.4 Z=42.0 0=4
N=42.0 Z=41.2 0=4
N=22.1 2=23.1 0=

Y307 .WET: 30

w2 O w0

B3~ o~y B

T

~
|

—

Ve

o
< XL

5

=
1]

<

X x

1]

i

PEATEEN
L
39.¢
38.4
38.72
41.0
s1.e
AA o a

MOl

03/0
LEITZ

5/91

¢ YA

FERS

VAFER
THICK
THICK

FERS

weTETCHSTUFF
wt [ ETCHANT
TEMPERATURE
TESTWAFER ID
TESWAFETCTIM
DEVICEVAFER
DEVWATETCTINM

ANNOTATION

SICM1/1:
S3CM1/2:
S3ICM1/3:
SICM1/4:

C-17.2 N=18.4 Z:=18.¢
C=168.8 N-20.1 Z-17.%
C=18.2 N=20.0 Z=12.7
C=158.4 N-17.31 Z-Z0.7
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Lot

Product

Route

CANON

pR4
PR

~T1y
W

number

oo

PLINEZ40O

SOOI 3UM CMOS

[¢]

MOy

MVOU

_s3icmMos:

LORNSTRZaM U ~tAn AT Rer
7107 fhons,a
RETAR [ [ R T =
6100 ¢ Soal
TANON B
2
n
<

)

jael

tho MmO

AVEN
TRACK

o ujjl:,‘l‘)
PASS
H NO
7:18 ARBERDPAE
MICROSCOPE |53 "
PI 2
1 20
tPI FAIL
PPT MARGINA
PPl ACTION bass
318 G7-05/091
NVA200 ¢ WAFERS 11
ION SFECIES PHOSPHORUS
IMPLANT DOSE OOE 13
IMP. ENERGY 70
3EAM CURRENT HAR
TILT ANGLE TN
“UN NUMBER AtesaTsl
T
RERTRE NI
0
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IMEC v.co.w.

Lot numbet
Product

Route : MW S3CMOS]

I/71-F MU H

DRY US STR
MVouU

COMMENT ¢ ON |

CANON PR 7
MYOU

[NSP PH 7
MVOy

WORKWSTREAM Va0 Standard Fepnre sne 21
PLINE240
SOT 3UM CMOS
3195 SENITLVIER!
ToTaL TIME 2ol
P07 SR s 0
PRERON = VAFERS a
DRYSTRIPTIMC £0.00
E STRIP TEMP 139.00
WETSTRIPSTUF  MICROIN0O
WETSTRIPTIME 30
ULTRASON PWR .0
VISUAL INSP PASS
JAFER S2CM1/13: ON A FEW PLACES: (POLY PRINT 0OF) RUBBISH.

6107 A/ (15791

CANON 2 WAFERS 4
¢ TIMES 1
DEHYD TEMP 200
SOFTBAK TEMP 110
PHOTORESIST 31713
MASK 1D Syl P PLUS
EXPOSE TIME 32.00
SUBRSTRATE THOY
D.U.V. TIME 10.00
POSTBAKETEMP 150
POST METHOD OVEN
DEVELOPMENT TRACK
LESIST SPEED 4300
YISUAL INSP LASS
OXYGEN FLASH  NO

7317 08/05/91

MICRNSCUPE : WAFERS a
PRI EXAMINE 20
PPI PASS 20
FPI FAIL
PPT MaRGINAL
PPT ACTION RS
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IMEC v.Zz.w. WORKSTREAM V=) 0 Stancave Fenort

Lot number : PLINEZ4O
Product : SOI 3UM CMOS
Route : GW _S3CMOSI

I°'1.B MU H 3208 130501

Myl NVE200

YESIST ON 2
POSTBAKE 7
CHAMBER VAC
HZ COOL PRES
TOTAL TIME

Ut D
(SIS B s B
=
wn
b
s
.
[

s
~ 03ty
D A

LW
<

n

ORY US 5TR 7428 4,05/91
MVOU PRS800 = WAF

bt
oS

4
60,00
MICROZIOO1
30
.0

"ty
e

wm
wm

CoaNN Aoe 3302 14/05/,91

MU 1.2 * WAFERS 14
FUR TYFPE AN
ANNEAL TEMP 300
LNNEAL TIME 180
STANDARDRAMP  YES

TEOS UNSG 1001 15/05/91

MY OU TEOS ¢ UAFEKRS 16
TILM TYPE Usn
STANDARD.? YES
NEPOSIT TIME 6.6
MEAN THICK § AR
<.D. THICK § 5.8
PARTICLE TOT 62
PLRTICLE M2 4
LPTA - .00
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TMEC v.o.w.
PLINE240

SOI 3UM CMOS

GW_S3CMOS]

Lot number
Product
Rou'e

WORKSTREAM V.1 Srandarc Kepor:

15-05,23

PLRET R

P28T R
Pi3T R
PiRT R
DiRT RA!
PLRT R
PART RA
PART RA
PART RZ
PART R

S D PaRTIC
EXCLUSION

s

£ WAFERS

FUR TYPE
ANNEAL TEMPD
ANNEAL TIME
STANDARDRAMP

TEOS UNSG o

CoANN 30 5103
MYOU 1.2

CALON PR B ~108
MYOU CANON

INSP PH 8 7318

—
Ln
~.
(o7
wy
Jul

WAFERS
TIMES
DEYYD TEMP
SOFTBAK TEMP
PHOTORESIST
MASK ID
EXPOSE TIME
SUBSTRATE
D.U.V. TIME
POSTBAKETEMP
POST METHOD
DEVELOPMENT
RESIST SPEED
VISUAL INSP
NXYGEN FLASH

3§ 4

[ R S!

16
1
200
110

ONTACT
35.80

5.00
150

16/05/91
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IMEC v.C.w. WORKSTREAM
Lot number : PLINE240

Product : SOI 3UM CMOS

Route : GW S3CMOS1

INSP PH 8 7318 15/037G1]

COMMENT @ ¢oNTROLE 0P:1,3,9.16. 0P

J—

Cas

(77304 #0a v
g

(S 200 SRS AT
o
RE

pBA 5 BRS¢ BR8]
R I S I BT I B

"
&)

¢

WETOU Da 7108 16/05/91

MyOU WET BENCH i WAFERS 16
WETETCHSTUFF UTENnS
WET ETCHANT IHF
TEMFERATURE 22.0
TESTWAFER ID 17.18
TESVAFETCTIM 181
DEVICEWAFER ALL
DEVWAFETCTIM 00
COMMENT TEST: 17 2745, 18: 3¢
DAY S STR J429 17705791
N PRSBON % VAFERS ia

DRYSTRIPTIME
VETSTRIPSTUF
VETSTRIPTIME
ULTRASON PWR

Lo

VTSUAL INSP

0,00

MICROZIOO!

PassS

0

L0

FRNT ALRI 5201
MYOU LLS801

21705791

ISR InE

T L N

e Ny |
o

& WAFERS
SPUTTALSTUFF
SPUTTER TEMP
PROCESS NAME
TAKGET LIFE
SPUTTER TIME
TESTUAFER ID
MEAN ET &

13

Y

T

(N
a3 M
el B i 3
s el
(N

=
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TMEC WORFATEIIM R 0 e an L
Lot number : PLINE24O

Product : SO1 3UM CMOS

Route @ Gw S2CMOS]

ERNT ST >0 SR, a1

CANON PR 8 n100
MYOU CANON

134

INAP PH OO RBEe 205,91

- — - e

x
1
=M
el
£

o
[hvRias)

oo
rey
L I e B B LS I 5

reyor
vy

sry
3

=N

TOPTIVETCTIM
ETCH TIM BRK
ETCH TIM END
ETCH TIM ovN
13
™

OTTIVETCTI
SIV TIME
UaL INSP

MASK COND. .

Page 19 ZE
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IMEC voo.w. WlR TR L AN *a .
Lot number : PLINE2uGO

Product : SOT 3dM CMn

Route : W S3CMOSY

ML D EToH Gl S LD

1 2
T

S STR ! 903,97
MYy PRSGI t WAFERS ia
DRYSTRIPTIME ;
Z STRIP TEMP
WETSTRIDSTUF
YETSTRIPTINME an
LULTRASON PWR )
VISUAL TNSP
COMMENT ¢ SUPFLEMENTARY ORY IN FR3B00: 20
‘:- TR *.‘\“ ()7:(! “,) :,.‘/ i1
MU T 2 WAFERS 3
FUR TYPE <IN
SINT AMBIENT  FORMINGGA
TEMPERLTURE 200
SINTER TIWME o0
SINTFR ol 701 20/15/91
MY OU 1.4 4 UAFERS 14
TUR TYPE Iy
SINT &MBIENT  ENBMITKIAS
TEMPERATURE AN
CINTER TIME N

END PROCES 99399 L0

Page |9 CZF




T . W R . R
Lot number PLINEZGD
Drodiuct o SOI UM COMNS
oyt o O v1
DL AR o a
. . - B - R . .
UNITS wred |

o o PN
beam current fusd
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ELECTRICAL CHARACTERISTICS

ANNEX ]I

This Annex reports the electrical characteristics of the GAA devices from the second

run (one set of curves for each split) .

These characteristcs are:

- IntVg) for Vps = 100 mV, with both linear and logarithmic vertical scales

(top lett Figure)

Ip(Vps) tor Vg =0 to 5 volts, (bottom left Figure)

Transconductance (gm) at Vps = 100 mV, as a function ot gate voltage

(bottom right Figure)
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CHIP LAYOUT

The following pages describe the layout of the GAA chip




\

T
‘

\

=) ;XinSlStO[S wikth N/P source \
\ \\_q \

N ‘w(um JL(UuM) E OURCE;GA’“E IDRANN|
*w*nf-a\ﬁ*-r«aﬁﬁmat *ktt*tfnatﬁwtw*'tw 1 4

\ 10 0° :‘\3 o ;xx{g i 4 \ 935 i\E/w \
N0, a e ,6 32\ 936\]\890 3 891 |\
—___ﬁ._y_-ﬂ______ - -___A-_ﬁ-v-—ﬁ_»-__
t% 37 | agde |

H22 | 939 | 894 |
tt.tttitt*ﬁ*i*tt*tﬂtit (I EEEEEEAEENRERES NS

Gate ali-around transistors
a) Without etch

W(UM) |L(UM) |NAME |SOURCE|GATE }DRAIN]
AARANREARA RN ARRARRARAARRTARANARARNRRR N RN RN

3.0 | 3.0 | €23 | 359 | 358 | 297 !

3.0 | 5.0 | €24 | 299 | 360 | 298 |

3.0 } 10.0 | €25 | 362 | 361 | 300 |

4.0 § 3.0 | €26 | 302 { 363 { 301 |

4.0 | 5.0 | €27 | 365 | 364 | 303 |

4.0 | 10.0 ' €28 | 305 | 366 | 304 |

LA SRR SRR R RN S RS EE SRS R RS AR RS RERE RN B

b) Etch L«2.0 UM

W(UM) [L(UM) |NAME |SOURCE|GATE |DRAIN|
I PRI DI SIS SeTea

3.0 { 3.0 | D25 | 481 | 480 | 419 |
3001 5.0 b2 | 421 | 482 | 420
3.0 | 10.0 | D27 | 484 | 483 | 422 |
4.0 | 3.0 | D28 | 424 | 485 | 423 |
4.0 | 5.0 | D29 | 487 | 486 | 425 |
4.0 1 10.0 | D30 | 427 | 488 | 426 |

AR AR AN RN R R AR R AR N R R AR RANARRN AR AR AR RN AW
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c) Etch L=3.0 UM N

-

W(UM) L(UM) |NAME |SQURCE|GATE {DRAIN;| "

IR R R R R R R RS REE - RE R R SR ERE N /
/

3.0 3.0 | E297| 603 | 602 | S41 |
X

- - ————— —— —— —— —— —

1"4.0 ' 10.0 | E34 | 549 | 610 | 548 |

A R R R S R A E R R R R SRR AR R R E R SRR R EEEREEEEXR,]

8’ Input protegzﬁm

a) With gr&-dlodes

//

POLY REH 54\}\ 134
LR RS P4 2222
7/

LE RS EXRR ** AR RS EEEESASN)

T R p%: \ 251 313\
;&E‘Q';EEA}Z‘"'"’" 5 "552'"316’
. NJ
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et B
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SOI 3UM MPCA

S R A e

e e,
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